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INTRODUCTION  

 

Historically, the management of aquatic resources has relied on ground based monitoring.  Due to the 

costs and time associated with such monitoring efforts, only a small percentage of the total sites are 

usually sampled for assessment each year.  For example, the Environmental Protection Agencyôs (EPA) 

2000 Water Quality Report indicates that the number of lakes assessed in the United States may actually 

be decreasing.  Those sites that are sampled are done so at spatial and temporal scales that do not allow 

for adequate assessment.  For example, there is considerable spatial variation in the water quality 

conditions within the different zones of a reservoir (i.e. lacustrine, transitional, and riverine) on any 

given day (Thornton et al., 1990).  Moreover, stressors such as algal blooms and high turbidity 

concentrations often vary temporally and thus may not be detected by single sampling events within a 

season (e.g. Wang et al., 2005).  Therefore, monitoring techniques that complement current field 

monitoring programs are needed to allow resource managers to assess spatially and temporally diverse 

reservoirs over a more continuous, or semi-continuous time frame.  

 

Fieldwork to measure water quality parameters in reservoirs presents numerous challenges.  Sampling 

reservoirs is inherently time consuming and costly, and even with relatively large numbers of samples in 

a given reservoir, we cannot easily estimate the spatial variation of water quality across a water body 

simply using interpolation methods.  Nor, without a major concerted and coordinated field campaign, 

can we simultaneously sample multiple points within multiple reservoirs on a given date.  Furthermore, 

we cannot travel back in time to take samples from reservoirs that may have been under sampled or 

missed entirely in the past.  As pointed out by the EPA (http://www.epa.gov/eerd/RemoteSensing.htm) 

and others (e.g. Heiskary et al., 2006), there are several advantages of using remotely sensed data in 

monitoring and assessment programs relative to ground based monitoring alone.  Specifically, using 

remotely sensed data allows for a greater number of sites within a water body to be assessed more 

frequently.  In addition, a greater number of waterbodies can be assessed for lower relative costs because 

field crews need not visit each waterbody and water quality samples are limited to only those lakes and 

impoundments requiring a more complete set of physical and chemical analyses.   

 

Remote Sensing of Water Quality Conditions 

Multispectral remotely sensed imagery provides an opportunity to extend our ability to measure water 

quality parameters in space and time.  If statistically significant empirical models can be developed 

between reservoir water quality parameters (e.g., turbidity, chlorophyll, and temperature) and spectral 

reflectance values recorded for the same location, it would be possible to apply the models to remotely 

sensed imagery to produce maps of the desired water quality parameter(s).  In other words, by 

calibrating remotely sensed multispectral data with field measurements, parameters measured at sample 

points can be extrapolated across a large geographic region.  Such statistically valid models have been 

developed for a number of water quality parameters in many geographic regions and water body types 

throughout the United States.  Brezonik et al., 2005; Chipman et al., 2004; Fraser, 1998; Kloiber et al., 

2002; and Heiskary et al., 2006 reviewed the advantages and disadvantages of several remote sensing 

platforms such as Landsat, MODIS, and high-resolution commercial imagery (i.e. IKONOS and 

QuickBird).  The selection of a particular platform for use in the assessment of water quality conditions 

depends on several factors including the size and number of lakes to be assessed, the desired degree of 

resolution, and the costs of applications (Heiskary et al., 2006).  

 

The statistical relationships between multispectral imagery and water quality parameters such as 

turbidity and chlorophyll are well documented in the scientific literature.  Phytoplankton, like any living 

vegetation, contains the photosynthetically active primary pigment chlorophyll-a and other accessory 

pigments.  Each pigment absorbs and reflects radiant energy at differing wavelengths of the 

http://www.epa.gov/eerd/RemoteSensing.htm
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electromagnetic spectrum.  The spectral response pattern of chlorophyll-a has been characterized as 

having a strong absorption of blue light between 400-500 nm; a strong chlorophyll-a absorption of red 

light or a reflectance minimum around 675 nm; a maximum reflectance peak in green light around 550 

or 560 nm; and a prominent secondary reflectance peak around 685-715 nm (Rundquist et al. 1996; 

Jensen 2000; Gitelson et al. 1993).  A water column containing chlorophyll-a absorbs more blue and red 

light and reflects more green light and NIR energy than a clear water column allowing the two water 

feature types to be spectrally discriminated from one another.  Remote sensing technology measures the 

amount of energy absorbed or reflected by chlorophyll-a and can be used to detect and quantify the 

concentration of chlorophyll-a and therein estimate the abundance of phytoplankton present in an 

aquatic system.  Furthermore, remotely sensed imagery could be used to detect differences between 

pigments from green algae and diatoms (chlorophyll-a) and cyanobacteria (phycocyanin; Vincent et al., 

2004), which are associated with taste and odor events in drinking water reservoirs.  Therefore, it is 

possible that phycocyanin concentrations from remotely sensed imagery and ratios of 

phycocyanin/chlorophyll-a can be used as potential warning indicators for taste and odor events.  

Specifically, this ratio could be used to determine when communities shift from dominance by green 

algae or diatoms to dominance by cyanobacteria. 

 

The proven ability of remote sensing techniques to provide repeatable, quantitative estimates of Secchi 

disk depth and chlorophyll-a (e.g. Ritchie et al., 2003), two of the most important parameters for 

calculating Tropic State Indices (Carlson, 1977), suggest that this approach can be successfully 

integrated into a comprehensive, rapid response monitoring program.  It is very important to stress that 

remote-sensing techniques cannot replace field and laboratory analysis based programs, but instead can 

complement existing programs by greatly increasing both the spatial and temporal capabilities of such 

programs.  The potential rapid-response capabilities of remotely sensed data mean that managers can 

quickly assess specific water body information to make accurate and timely management decisions. 

 

Objectives 

A one-year proof-of-concept project was conducted to measure key water quality parameters in a series 

of Kansas reservoirs and use MODIS (Moderate-resolution Imaging Spectroradiometer) remotely sensed 

imagery to develop a series of predictive models to estimate the key measured parameters.  The 

scientific objectives include: 

 Develop statistical models between turbidity, Secchi disk, total suspended solids, chlorophyll-a, 

total phosphorus and spectral reflectance values; 

 Evaluate and compare the models developed in this study with models described in the scientific 

literature; 

 Examine both within-reservoir variability and between-reservoir variability in predicted water 

quality parameters. 

 

 

PROJECT DESIGN, APPROACH, AND METHODS 

 

Lake Selection and Sampling Plan 

We examined four Kansas lakes (i.e. reservoirs) out of a pool of reservoirs that have been identified by 

the Watershed Planning Section of Kansas Department of Health and Environment (KDHE) as 

exhibiting impairment due to turbidity and eutrophication (Table 1).  Two large lakes (Clinton Reservoir 

and Hillsdale Reservoir) and two small lakes (Centralia and Louisburg-Middle Creek) were selected as 

they are typical of impoundments found across much of EPA Region 7.   
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Clinton Lake  (Figure 1) 

Clinton Lake was constructed on the Wakarusa River approximately 1 mile west of the city of 

Lawrence, Kansas, and is operated by the U.S. Army Corps of Engineers.  The lake was constructed to 

control flooding, for municipal and industrial water supply, fish and wildlife benefits, and recreation, 

and to maintain minimum stream flow on the Wakarusa and Kansas Rivers.  The Wakarusa River is the 

main source of water flowing into Clinton Lake.  The Wakarusa River Basin drains a total of 516 square 

miles, which extends west approximately 54 miles from its mouth on the Kansas River. 

 

Hillsdale Lake  (Figure 2) 

Hillsdale Lake is one of the newest reservoirs in Kansas.  Completed in 1982, the reservoir is part of a 

comprehensive flood control plan for the Osage and Missouri River basins, controlling the downstream 

flow of water from a 144 square mile drainage area.  Hillsdale Lake provides flood protection along Big 

Bull Creek downstream from the dam.  As part of the Osage River basin system of lakes, Hillsdale also 

contributes to flood protection on the Marais des Cygnes, Osage, and Missouri Rivers.  Several public 

water suppliers have contracts or applications for contracts with the state for water supply from Hillsdale 

Lake.  

 

Louisburg-Middle Creek Lake  (Figure 3) 

Louisburg-Middle Creek Lake was built as a water supply source for the City of Louisburg through a 

cooperative agreement between the city, the Natural Resources Conservation Service, and the Kansas 

Department of Wildlife and Parks.  Construction and final agreements for the operation and maintenance 

of the lake were completed and signed in 1986.  The lake and surrounding lands are managed by the 

Kansas Department of Wildlife and Parks for fishing and hunting purposes.  The 250-acre lake has a 

maximum depth of 34 feet. 

 

Centralia City Lake  (Figure 4) 

Centralia City Lake is located southwest of the town of Centralia, Kansas, in Nemaha County.  The 400-

acre lake is owned by the City of Centralia, serving as a water supply lake.  In summer 2010, the lake 

was closed for several weeks by the Kansas Department of Health and Environment due to high 

concentrations of blue-green algae in the water.  

 

 

Table 1.  Reservoirs selected for study. 

Lake Area (acres) County Impairment  TM DL Priority  

Clinton Lake 7,484 Douglas EU High 

Hillsdale Lake 4,826 Miami EU High 

Louisburg-Middle Creek 252 Miami EU High 

Centralia City Lake 386 Nemaha EU Medium 

EU ï eutrophic 
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Figure 1.  Clinton Lake, Douglas County, Kansas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Hillsdale Lake, Miami County, Kansas. 
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Figure 3.  Louisburg-Middle Creek Lake, Miami County, Kansas. 

 

 

 

Figure 4.  Centralia Lake, Nemaha County, Kansas. 
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Field Sampling Scenarios 

Phase 1 sampling:  All sites at each lake (Clinton and Hillsdale Lakes, 20 sites each; Centralia and 

Louisburg-Middle Creek Lakes, 10 sites each) were sampled in June 2009 and again in July 2009 for 

Component 1 (Phase 1 sampling) to collect data from which statistical models were built in conjunction 

with satellite imagery (Table 2).  Parameters collected included temperature, turbidity, pH, chlorophyll-

a, conductivity, DO and Secchi disk depth, as well as sample site latitude-longitude coordinates (using a 

GPS).  The locations of lake sampling sites were selected to capture as many lake morphology 

differences as was practical (Figure 5 - Figure 8).  Site coordinates are listed in Appendix 1. 

 

Phase 2 sampling:  To further examine the temporal variability within and between reservoirs, about 

half of the sites on each lake were sampled again in each of the four months beginning in August 2009 

and ending in early December 2009 (Phase 2 sampling).  The proposed schedule for the Phase 2 

sampling was to capture field data approximately every 16-20 days to coincide with the MODIS over 

flights.  This could not be accomplished because of subsequent cloud cover; field sampling dates had to 

be adjusted to accompany the best MODIS overpasses (e.g. least cloud cover, most nadir).   

  

 

Table 2.  Reservoir field sampling dates in 2009. 

  Clinton Hillsdale Centralia Louisburg 

Phase 1 # sites 20 20 10 10 

 June 6/18/09 6/17/09 6/18/09 6/17/09 

 July 7/21/09 7/20/09 7/21/09 7/22/09 

      

Phase 2 # sites 10 10 5 5 

 August 8/27/09 8/28/09 8/27/09 8/28/09 

 October 10/09/09 10/07/09 10/09/09 10/07/09 

 November 11/12/09 11/10/09 11/09/09 11/10/09 
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Figure 5.  Clinton Lake field sampling locations, 2009. 
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 Figure 6.  Hillsdale Lake field sampling locations, 2009. 
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